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Abstract 
Wave springs are precise flat wire compression springs that fit into assemblies that other springs cannot since the overall 
lengths and operating heights of Wave springs are lower than those of conventional round Wire springs, they will often reduce 
the size of an assembly by as much as 50%. Of course, this will also reduce the part weight and raw material cost of every 
spring produced. Wave springs operate as load bearing devices. They take up play and compensate for dimensional variations 
within assemblies. A virtually unlimited range of forces can be produced whereby loads build either gradually or abruptly to 
reach a predetermined working height. This establishes a precise spring rate in which load is proportional to deflection. 
Functional requirements are necessary for both dynamic and static spring applications. Special performance characteristics are 
individually built into each spring to satisfy a variety of precise operating conditions. Typically, a wave spring will occupy an 
externally small area for the amount of work it performs. The use of this product is demanded, but not limited to tight axial 
and radial space constraints. In this paper, a three dimensional finite element (FE) model for shock absorber spring is 
proposed. The present work deals the structural analysis for modelling the structural behaviour of wave springs. The design of 
spring in suspension system is very important. In this work a wave type of spring is designed and a 3D model is created using 
Pro/Engineer. The model is also changed by changing the length of the spring. Structural analysis has been conducted on the 
wave spring by varying the spring material such as Structural steel and Beryllium Copper. For this analysis, loads are 
considered as bike weight, single person and two persons. Structural analysis is done to validate the strength. The present 
study makes an attempt to compare the results for selecting best material for springs.      
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1. Introduction 
Among the many types of springs, wave springs have attracted considerable attention this kind of long and 
reliable source of long lasting durability and considerable effectiveness than rest of the springs (David Clarke, 2002). 
An analytical model for stamped ring wave springs is proposed, Because of the particular shape of the spring in the 
un deformed configuration, the load—deflection curve is found to be appreciably bilinear in character. A similar but 
less pronounced behavior is displayed also by the relationship between load and internal stresses. The analytical 
results are compared to earlier theoretical findings and are shown to correlate well with experimental measurements 
[1]. Wave springs are used to reduce the height of the spring and to produce the same end effect end that of a coil 
spring .these were first developed by SMALLEY Industries U.S.A in 1990’s.  These also obey the principles of 
Hooke’s law discovered by Robert Hooke (Ulf Kletzin, 2007). So on taking the above basis wave spring application 
on suspension system is made. Suspension is the term given to the system of springs, shock  
absorbers and linkages that connects a vehicle to its wheels and allows relative motion between the two 
(J.Mayor,1965). In general coil springs were used as a suspension system in the form shock absorber in 1901 by 
Mors automobile factory, France. A suspension system or a shock absorber is the mechanical device designed to 
smooth out or damp shock impulse and dissipate kinetic energy, in a vehicle it reduces effect of travelling over a 
rough road leading to improved ride quality (P.P.Mohan, 2005).A sustainable development of dynamic finite 
element program must develop on helical springs and structural analysis should also be done in precise (Doojong 
Kim 1999). Besides the great deal of experimental works on spring’s failure analysis of automotive suspension coil 
springs are also to be done to get the sustainable output (Prawoto Y., Ikeda M., Manville S. K. and Nishikawa A, 
2008). Poornamohan & Lakshmana Kishore analyzed the strength of the shock absorber under various conditions by 
performing structural analysis and modal analysis[2,3].When the vehicle moves in the high speeds there must also be 
a requirement to  make analysis  fatigue and dynamic loading are to be done result of very high cycle fatigue tests on 
helical compression springs However, due to their huge computational tasks, practical experiments are also to be 
conducted on wave spring but due to high complexity,  the analysis is done is only confined to studies of  finite 
element analysis, so as to provide relatively sustainable outcome. 
 
2. Modeling of the Spring 
Modeling of the coil spring and wave spring is done using Pro/ENGINEER modeling software as shown in the 
Fig.1 (a) and (b).  
 
 
 
 
 
 
 
 
 
.   
 
Fig.1.Modeling of (a) Coil Spring ;( b) Wave Spring. 
3. Finite Element Formulation 
ANSYS is general-purpose finite element analysis (FEA) software package. Finite Element Analysis is a 
numerical method of deconstructing a complex system into very small pieces (of user-designated size) called 
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elements. The software Implements equations that govern the behavior of these elements and solves them all; 
creating a comprehensive explanation of how the system acts as a whole. These results then can be presented in 
tabulated or graphical forms.  
4. Structural analysis of coil spring using structural steel and Beryllium copper as spring material 
Structural analysis is the study of the static response of the structures under varying the loads. In structural 
mechanics is to determine the deflections of a object or structure during different load conditions. It is common to 
use the finite element method the types of equations which arise from static analysis. To study the effect of 
deflection for various materials, a pressure is applied on coil and wave springs for different materials by keeping the 
length constant; finally stress values were obtained as shown in Fig.2-13.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Structural Steel Coil Spring (a) Deflection; (b) Equivalent Stress when the load is 125 kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Structural Steel Coil Spring (a) Deflection; (b) Equivalent Stress when the load is 200 kg. 
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Fig.4. Structural Steel Coil Spring (a) Deflection; (b) Equivalent Stress when the load is 280 kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. Beryllium copper Coil Spring (a) Deflection; (b) Equivalent Stress when the load is 125 kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. Beryllium copper Coil Spring (a) Deflection; (b) Equivalent Stress when the load is 200 kg. 
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Fig.7. Beryllium copper Coil Spring (a) Deflection; (b) Equivalent Stress when the load is 280 kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.8. Structural Steel Wave Spring (a) Deflection; (b) Equivalent Stress when the load is 125 kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.9. Structural Steel Wave Spring (a) Deflection; (b) Equivalent Stress when the load is 200 kg. 
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Fig.10. Structural Steel Wave Spring (a) Deflection; (b) Equivalent Stress when the load is 280 kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.11. Beryllium copper Wave Spring (a) Deflection; (b) Equivalent Stress when the load is 125kg. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.12. Beryllium copper Wave Spring (a) Deflection; (b) Equivalent Stress when the load is 200kg. 
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Fig.13. Beryllium copper Wave Spring (a) Deflection; (b) Equivalent Stress when the load is 280kg. 
 
5. Results and Discussions 
The finite element analysis has been carried out for coil and wave springs by considering structural steel and 
Beryllium copper as spring materials and the results were compared as shown in the Fig.14-17. From the graphs it is 
observed that for all types of springs, as the stiffness of the spring material increases, total deformation decreases 
and corresponding stresses will increase. When the deformation decreases the spring back effect is less and the use 
of dashpot can be eliminated and the spring alone can be used as suspension system. Detailed analysis was made on 
PULSAR 150 shock absorber coil spring and wave spring of half e height with same dimensions. From the above 
analysis it was concluded that as wave springs undergoes less deflection than that of coil springs. Both springs were 
analyzed and compared at different loads and for different materials. It was also observed from the results that 
stainless steel is preferable.  
 
 
 
 
 
 
 
 
 
 
 
 
 
        
 
 
 
      Fig 14. Comparison of Max. Deflections of the coil spring                       Fig 15. Comparison of Equivalent Stresses of the coil spring 
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        Fig 16. Comparison of Max. Deflections of the wave spring               Fig 17. Comparison of Equivalent Stresses of the wave spring 
 
6. Conclusions  
Analysis on wave springs has been done by structural mechanics approach and results were validated compared with 
the coil spring of the shock absorber. By performing static analysis comparison of wave spring with coil spring is 
done. Results shows that Wave springs possess less deformation and more stresses when compared with coil 
springs. The proposed FE model is used to analyze the dynamic behaviour of wave springs. The stiffness of the 
spring material increases, total deformation decreases and corresponding stresses will increase. When the 
deformation decreases the spring back effect is less and the use of dashpot can be eliminated and the spring alone 
can be used as suspension system. 
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